Abstract: It has been found that for more than one polar summer season between 2002-2010, the northern polar mesospheric region near and above about 80 km was warmer than normal. The strongest warming effect of this type was observed to occur during northern summer 2002. Theoretical studies have implied that these "anomalies" were preceded by unusual dynamical processes in the southern hemisphere. We have analyzed temperature distributions measured by the SABER limb scanning infrared radiometer aboard the NASA TIMED satellite between 2002-2010 at altitudes from 15 to 110 km and for latitudes between 83°S to 83°N. We describe the approach to trace the inter-hemispheric temperature correlations demonstrating the global features that were unique for the "anomalous" northern polar summers. From our analysis of SABER data from 2002-2010, the anomalous heating for the northern mesopause region during northern summer was accompanied by stratospheric heating in the equatorial region. In the winter hemisphere it is accompanied by heating in the lower stratosphere and mesopause region, and cooling in the stratopause region. Also, all the elements of the temperature anomaly structure appear to develop and fade away nearly simultaneously, thereby suggesting either a global influence or a rapid exchange. 3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 2 mesopause region, and cooling in the stratopause region. Also, all the elements of the 23 temperature anomaly structure appear to develop and fade away nearly simultaneously, 24 thereby suggesting either a global influence or a rapid exchange. 25
The evidence above indicates that anomalous warming of the polar summer hemisphere can 78 and does occur. The major questions are still how frequently and in which hemisphere such 79 warmings are likely to appear, how global the events are when they occur, and to what 80 mechanism we can attribute their cause. These questions will be addressed in this work using 81 nine years of SABER data. 82
Instrumentation and Approach 83

The SABER Instrument onboard the TIMED satellite 84
The TIMED satellite was launched on December 7, 2001 into a 74.1° inclined 625 km orbit 85 with a period of 1.7 hours. The TIMED mission is focused on the energetics and dynamics of 86 the mesosphere-lower thermosphere region (60-180 km) (Yee et al., 1999) . SABER is a 10-87 channel broadband limb-scanning infrared radiometer covering the spectral range from 88 1.27 m to 17 m (Russell et al., 1999) . SABER provides vertical profiles of kinetic 89 temperature, pressure, ozone, carbon dioxide, water vapor, atomic oxygen, atomic hydrogen 90 and volume emission rates in the NO (5.3 m) and OH Meinel and O 2 ( 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64 error estimates at all other seasons and latitudes. As one can see, the errors in the polar 107 summer mesopause region grow more rapidly above 85 km. This is linked with the 108 mechanism of 15 μm CO 2 radiance forming and ratios between the components contributing 109 to pumping the CO 2 (ν 2 ). In the lower atmosphere the frequency of inelastic molecular 110 collisions is sufficiently high, so that these collisions overwhelm other 111 population/depopulation mechanisms of the molecular vibrational levels. This leads to a local 112 thermodynamic equilibrium (LTE), and the populations follow the Boltzmann distribution 113 governed by the local kinetic temperature T kin . In the upper atmosphere, where the frequency 114 of inelastic collisions is much lower than at lower altitudes, and other processes can influence 115 the population of CO 2 vibrational levels. These include: a) the direct absorption of solar 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65   7 temperatures were zonally averaged and binned with a 5 degrees latitude step and a 1 km 142 altitude step. We identified "normal", "cold" and "warm" years with respect to the polar 143 summer mesospheric area and built the differences of temperature distributions (Fig. 3) . 144 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64 Another approach to temperature anomaly analysis is made by comparing the average summer 188 temperatures at "turning points"; i.e. at the tropopause, which is at the lower boundary of1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64 Since the correlation coefficients can be quite large, we will refer now only to the polar 211 summer T mesop that is shown in Fig. 7 . This figure provides an expanded view of the polar 212 summer T mesop anomaly (line with circles) supplemented with the 30 hPa zonal wind anomaly1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64 warming in the southern hemisphere, but it followed rather than preceded the mesospheric 230 warming in the northern hemisphere. An earlier stratospheric warming, which did not lead to 231 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65   11 hemisphere and a gradual transition to warming in the northern polar mesopause region, as 239 had been suggested by the inter-hemispheric movement of waves or another form of energy 240 transfer. Instead, the change into a summer mode appeared to occur in both hemispheres 241 simultaneously. 242
In the work of Espy et al. (2010) it was suggested that the process was governed by the QBO, 243 which they claim had a period for their decade of study (1990) (1991) (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) of about 24.5 months. 244
Our study for 2002-2010 occurred during a period when the QBO exhibited a period of about 245 26-28 months. This is seen by conducting a Fourier analysis on QBO data for the current 246 decades (Fig. 7) . Furthermore, this period seemed to be correct for at least the previous 50 247 years. However, the period of the temperature anomaly was very close to 31 months (Fig. 8) , 248 which does not appear to be directly influenced by the QBO. The explanation appears to 249 require either a varying time lag or a beating against another oscillation not yet defined. 250
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